Channel-opening kinetics of GluR2Q(flip) AMPA receptor: a laser-pulse photolysis study.
AMPA receptors mediate fast excitatory neurotransmission in the central nervous system. GluR2 is an AMPA receptor subunit that controls some key heteromeric AMPA receptor properties, such as calcium permeability. The kinetic properties of GluR2, relevant to the time scale of its channel opening, however, are poorly understood. Here, to measure the channel-opening kinetics, we use a laser-pulse photolysis technique, which permits glutamate to be liberated photolytically from gamma-O-(alpha-carboxy-2-nitrobenzyl)glutamate (caged glutamate) with a time constant of approximately 30 micros. We show that GluR2Q(flip), an unedited and Ca(2+) permeable isoform, is by far the fastest ligand-gated channel with the channel-opening and -closing rate constants being (8.0 +/- 0.49) x 10(4) and (2.6 +/- 0.20) x 10(3) s(-1), respectively. Therefore, the shortest rise time (20-80% of the receptor current response) or the fastest observed time by which the GluR2Q(flip) channel can open is predicted to be 17 micros. The minimal kinetic mechanism for the channel opening is further consistent with the binding of two glutamate molecules with the channel-opening probability of 0.96. These results suggest that GluR2 is a temporally, highly efficient receptor to transduce the binding of chemical signals (i.e., glutamate) into an electrical impulse.